Intracellular pH control in Dictyostelium discoideum: a 31P-NMR analysis.
Phosphorus metabolites and intracellular pH have been examined in the slime mold Dictyostelium discoideum by non-destructive 31P-NMR measurements. In a spectrum from a suspension of aerobic amoebae, the major peaks are inorganic phosphate, nucleotide di- and triphosphates. In the corresponding perchloric acid extract, resonances originating from purine and pyrimidine nucleotides are resolved. Adenine nucleotides are the most abundant components, but the other nucleotides are present in significant amounts. In a spectrum from intact spores in a dormant state, only inorganic phosphate and polyphosphates are detected and nucleotides are no longer present in large amounts. Of particular importance is the ability to observe separately in aerobic amoebae the resonance of inorganic phosphate localized in two different cell compartments: the cytosol and the mitochondria. The cytosolic pH and mitochondrial pH have been measured as 6.7 and 7.7, respectively, on the basis of intracellular inorganic phosphate chemical shifts. They are essentially unaffected over a large range of external pH and they are not modified transiently or permanently during the initiation of the developmental program of the organism. A weak acid, such as propionate, which modifies the progression of differentiation by favoring prestalk cells, perturbs intracellular pH gradients by selectively decreasing mitochondrial pH without any effect on cytosolic pH.